The effect of bleaching wavelengths on the regeneration of the optically stimulated luminescence signal of nanoDot dosimeters pre-exposed to high-doses Purpose: This study aims to investigate the usefulness of a calibration method proposed by Jursinic 2010 (Med. Phys. 37:102) where OSLDs are pre-exposed to very high doses to saturate the charge traps in the lattice structure of the detectors and minimize changes in the sensitivity of the OSLDs as a function of accumulated doses. Methods: 18 nanoDot OSLDs were pre-exposed to 1 kGy dose in a cobalt-60 unit. Before performing the routine irradiation-readout-bleaching cycles, the pre-exposed nanoDots were bleached to very low residual OSL signals using 26 W fluorescent light bulbs in two modes: (i) directly under the lamps; and (ii) with the aid of a long-pass optical filter placed over the nanoDots inside the bleaching unit, partially blocking wavelengths below 495 nm. The nanoDots were then stored in dark and readout in the microStar reader after various time intervals to monitor the regeneration of the OSL signal. Results: Fig 1 shows the regeneration of the raw OSL signal in the dark for nanoDots preexposed to 1 kGy after bleaching in mode (i) for 12 h and bleaching in mode (ii) for 45 h, respectively. For bleaching mode (i), the OSL signal increases about 20 times for the first 24 h and increases 195 times after 488 hrs of storage; while for mode (ii), the raw OSL signal increases about 5 times after storage for the first 25 h, and 36 times after 452 h of storage. It should be noted that the reader changes from the low-readout mode to the high-readout mode after 24 h and 130 h, respectively for bleaching modes (i) and (ii), respectively. To quantify the regeneration, we fitted the data to a saturation function model:
and (ii), respectively. At the saturation level A, the equivalent doses were about 1.18 Gy and 0.38 Gy for modes (i) and (ii), respectively. After 48 h, the equivalent doses were about 0.23 Gy and 0.07 Gy. An equivalent dose of less than 0.22 Gy due to regeneration of the OSL signal in the dark has been reported in a previous study (Jursinic 2010, Med. Phys. 37:102) where nanoDots were irradiated with large doses ranging from 30 Gy -5 kGy Conclusion: The regeneration rates of nanoDot OSLDs pre-exposed to high doses depend on the light source used to reset the detectors. A bleaching source that has a low component of wavelengths below 495 nm can minimize the regeneration of the OSL signal. A saturation function can be used to fit the regeneration of the OSL signal. Impact: These findings may be useful in developing protocols on the use of OSLDs in clinical settings. Particularly, these results may be relevant to the ongoing TG-191 report.
Figure 1: Signal regeneration of nanoDot OSLDs as a function of storage duration in dark. The nanoDots were pre-exposed to 1 kGy and then reset using bleaching mode (i) for 12 h and bleaching mode (ii) for 45 h to very low residual OSL signal levels equivalent to ∼0.5 cGy and ~0.8 cGy, respectively. Each data point represents the mean of 9 nanoDots and error bars are the standard deviation of the mean. Fitting follows the model as described in Results section.
